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(57) ABSTRACT

Provided is a data transmission rate control method in upward
vertical handover in an overlay network environment, includ-
ing: a TCP (Transmission Control Protocol) sender checking
whether or not a retransmission timeout event occurs while
communicating with a TCP receiver through a dual interface
in a TCP scheme; the TCP sender storing a sequence number
of'a packet having the largest sequence number among trans-
mitting packets, and after that, performing congestion control
if the retransmission timeout event occurs; the TCP sender
checking whether or not ACK signal corresponding to a
sequence number which is equal to or smaller than the stored
sequence number is received after the TCP sender performs
the congestion control; and the TCP sender determining to
execute upward vertical handover if the ACK signal is
received.
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Figure 2
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Figure 3
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Figure 5
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1
DATA TRANSMISSION RATE CONTROL
METHOD AND SYSTEM IN UPWARD
VERTICAL HANDOVER IN OVERLAY
NETWORK ENVIRONMENT

TECHNICAL FIELD

The present invention relates to a mobile communication
technique, and more particularly, a data transmission rate
control method in upward vertical handover in an overlay
network environment, which is capable of solving a problem
in that a data transmission rate is decreased due to the per-
forming of congestion control by the occurrence of a retrans-
mission timeout event according to network characteristics
such as an RTT (round trip time) in the overlay network
environment during the upward vertical handover even in the
state that packet loss caused by channel congestion does not
occur, capable of preventing an overload from being exerted
on a new network in a slow start phase mode by setting an
optimum initial slow start limit value for the new network
during the upward vertical handover, and capable of setting an
optimum retransmission timeout for the new network during
the upward vertical handover.

BACKGROUND ART

In mobile communication systems, data service has been
gradually increased, and thus, in most cases, TCP (transmis-
sion control protocol) is employed as an upper layer protocol.
However, since the TCP is designed on the basis of a wired
network, the TCP does not reflect wireless channel errors
frequently occurring in a wireless network. Therefore, in the
TCP, a wireless channel error may be recognized as channel
congestion so that congestion control is performed.

On the other hand, it is expected that a next-generation
network has an overlay structure, and thus, vertical handover
does more frequently occur according to movement of mobile
terminals.

However, when a mobile terminal enters from a network
having a relatively narrow coverage, a high transmission rate,
and a short RTT (round trip time) such as a WLAN (public
wireless LAN service) into a network having a wide cover-
age, a low transmission rate, and a long RTT such as a 3G
network, the mobile terminal undergoes handover. When
upward vertical handover is executed, although packet loss
caused by channel congestion according to a difference in
network characteristics such as an RTT does not occur, a
retransmission timeout event may occur in a TCP sender.

In the conventional TCP such as a TCP Reno, the retrans-
mission time-out event is recognized as channel congestion,
and thus, congestion control is performed when the retrans-
mission time-out event generates, so that a transmission rate
is greatly decreased.

Therefore, in the related art, a technique of preventing
congestion control from being performed due to erroneous
recognition of the occurrence of a retransmission time-out
event as channel congestion during the upward vertical han-
dover has been required to be developed.

DISCLOSURE
Technical Problem

The present invention is to provide a data transmission rate
control method in upward vertical handover in an overlay
network environment, which is capable of solving a problem
in that a data transmission rate is decreased due to the per-
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2

forming of congestion control according to the occurrence of
a retransmission timeout event even in the state that packet
loss caused by channel congestion according to network char-
acteristics such as an RTT (round trip time) in the overlay
network environment does not occur during the upward ver-
tical handover, capable of preventing an overload from being
exerted on a new network in a slow start phase mode by
setting an optimum initial slow start limit value for the new
network during the upward vertical handover, and capable of
setting an optimum retransmission timeout for the new net-
work during the upward vertical handover.

Technical Solution

According to an aspect of the present invention, there is
provided a data transmission rate control method in upward
vertical handover in an overlay network environment, includ-
ing: a TCP (Transmission Control Protocol) sender checking
whether or not a retransmission timeout event occurs while
communicating with a TCP receiver through a dual interface
in a TCP scheme; the TCP sender storing a sequence number
of'a packet having the largest sequence number among trans-
mitting packets, and after that, performing congestion control
if the retransmission timeout event occurs; the TCP sender
checking whether or not ACK signal corresponding to a
sequence number which is equal to or smaller than the stored
sequence number is received after performing the congestion
control; and the TCP sender determining to execute the
upward vertical handover if the ACK signal is received.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating a configuration of a TCP
system in an overlay network environment according to an
exemplary embodiment of the present invention.

FIG. 2 is a flowchart of a data transmission rate control
method in upward vertical handover in an overlay network
environment according to an exemplary embodiment of the
present invention.

FIGS. 3 and 4 is a diagram illustrating an example of a
packet transmission procedure according to the exemplary
embodiment of the present invention.

FIG. 5 is a diagram illustrating a change in data capacity of
a link according to a buffer size.

BEST MODE

According to the present invention, a TCP sender can be
allowed to recognize upward vertical handover in order to
solve a problem in that a data transmission rate is decreased
due to the performing of congestion control according to the
occurrence of a retransmission timeout event according to
network characteristics such as an RTT (round trip time) in
the overlay network environment during the upward vertical
handover even in the state that packet loss caused by channel
congestion does not occur.

In addition, according to the present invention, if the
upward vertical handover is recognized, an overload is pre-
vented from being exerted on a new network in a slow start
phase mode by setting an optimum initial slow start limit
value for the new network.

In addition, according to the present invention, a retrans-
mission timeout event is prevented from unnecessarily occur-
ring in the new network by setting the optimum retransmis-
sion timeout for the new network during the upward vertical
handover.
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The present invention is based on an overlay network sup-
porting soft vertical handover, so that the present invention
supports make-before break (MBB). Therefore, since a
mobile terminal executing upward vertical handover per-
forms connecting with a new network before disconnecting
from an old network, the mobile terminal operates in a dual
mode where communication is available through two net-
works during the upward vertical handover.

FIG. 1 is a diagram illustrating a configuration of a TCP
system in an overlay network environment according to an
exemplary embodiment of the present invention. The TCP
system is configured to include a TCP receiver 100 and a TCP
sender 102. The TCP receiver 100 and the TCP sender 102
operate in a dual mode of 3G network communication
through a 3G base station 106 and WLAN communication
through a WLAN access point 104. Particularly, in the
upward vertical handover, the TCP sender 102 transmits data
through the WLAN and, after that, receives an ACK (ac-
knowledge) signal from the TCP receiver 100 through the 3G
network.

The 3G base station 106 and the relay device such as the
WLAN access point 104 supplies network information such
as buffer sizes thereof to the TCP sender 102.

As illustrated in FIG. 4, while the TCP sender 102 com-
municates with the TCP receiver 100 through a dual interface
in a TCP scheme, the TCP sender 102 checks whether or not
the retransmission timeout event occurs. If the retransmission
timeout event occurs, the TCP sender 102 stores the sequence
number of the packet having the largest sequence number
among the transmitted packets, and after that, the TCP sender
102 executes congestion control. After the execution of the
congestion control, the TCP sender 102 checks whether or not
an ACK signal corresponding to the packet having a sequence
number equal to or smaller than the stored sequence number.
Ifthe ACK signal is received, the TCP sender 102 determines
to execute the upward vertical handover. The sequence num-
bers of the packets are sequentially allocated.

Next, the TCP sender 102 calculates and sets a congestion
window size of the new network. When the TCP sender 102
determines to execute the upward vertical handover, the TCP
sender 102 calculates and sets the retransmission timeout
time RTO in the new network.

Now, a data transmission rate control method in upward
vertical handover in an overlay network environment which
can be applied to the above-described TCP system in the
overlay network environment according to the exemplary
embodiment of the present invention will be described in
detail with reference to a flowchart of FIG. 2.

While the TCP sender 102 performs normal TCP commu-
nication (Step 200), the TCP sender 102 stores the current
congestion window size cwnd as a maximum congestion
window size Old_Max_CW of an old network every time
3-dup ACK signals are received (Steps 202 and 204).

In addition, every time the retransmission timeout event
occurs while executing the normal TCP communication (Step
206), namely, every time a response to the transmitted packet
is not received until a predefined time for the retransmission
timeout elapses, the TCP sender 102 stores the sequence
number of the packet having the largest sequence number
among the transmission packets as the maximum sequence
number and stores a first time TIME]1 from the transmission
time point of the transmission packet to the time point of the
occurrence of the retransmission timeout event (Step 208).
Next, the TCP sender 102 executes the congestion control
based on the occurrence of the retransmission timeout event
(Step 210).
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Next, the TCP sender 102 checks whether or not the ACK
signal corresponding to the sequence number equal to or
smaller than the maximum sequence number is received (Step
212).

If the ACK signal is received, the TCP sender 102 deter-
mines to execute the upward vertical handover and calculates
and sets the congestion window size cwnd of the new network
(Step 220).

Now, the process of calculating the congestion window
size cwnd in the new network will be described.

First, the TCP sender 102 calculates a weighting factor K
by using Mathematical Formula 1.

Weighting Factor Value (X)=[Old link
BDP (h,;+1))/[New link

BDP (M0, +1)] [Mathematical Formula 1]

The weighting factor K is a ratio of a data capacity of a link
in a new network New_link BDP(A,,_, +1) to a data capacity
ofalink inan old network Old_link_ BDP(A ,+1). The Aisa
ratio of a BDP (bandwidth delay product) of an i-th network
to a buffer size of a relay device. Namely, as illustrated in F1G.
5, the data capacity of a network depends on the buffer size of
the relay device as well as the BDP. Therefore, in the present
invention, the weighting factor K is defined as a ratio of a
product of the BDP of the old network and the buffer size
(A,;4+1) of the relay device to a product of the BDP of the new
network and the buffer size (A,,,,,+1) of the relay device as
expressed by Mathematical Formula 1.

As described above, if the weighting factor K is calculated,
the TCP sender 102 calculates an optimum congestion win-
dow size of the new network by using Mathematical Formula
2.

Congestion Window Size (cwnd)=(Old_

Max_CW/2)xK [Mathematical Formula 2]

As expressed by Mathematical Formula 2, the optimum
congestion window size cwnd is a product of a maximum
congestion window size OLD_Max_CW of the old network
causing congestion control divided by 2 and the weighting
factor K. Herein, the division by 2 with respect to the maxi-
mum congestion window size OLD_Max_CW is introduced
in order to basically restrain a packet error from occurring due
to load exertion on the new network. In a general TCP, if
3-dup ACK signals are received in a maximum congestion
window size, congestion control of reducing the congestion
window size by half and subsequently performing communi-
cation again is performed. In the present invention, the same
congestion control is also performed.

Next, the TCP sender 102 stores a second time TIME2
from the time point of occurrence of a retransmission timeout
event to the time point of reception of ACK signal corre-
sponding to a sequence number which is smaller than the
maximum sequence number (Step 222).

Next, the TCP sender 102 calculates the retransmission
timeout time RTO of the new network by using the first time
TIME! and the second time TIME2 (Step 224).

Now, a procedure of calculating the retransmission timeout
time RTO of the new network by using the first time TIME1
and the second time TIME2 will be described.

FIG. 3 illustrates the first time TIME1 and the second time
TIME2.

As expressed by Mathematical Formula 3, a sum of the first
time TIMEL1 and the second time TIME2 is a value obtained
by dividing a sum of the RTT of the old network Old_
link RTT and an estimated value of the RTT of the new
network Estimated_New_link_RTT by 2. Therefore, the esti-
mated value of the RTT of the new network Estimated_
New_link_RTT is a value obtained by subtracting the esti-
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mated value of the RTT of the old network Estimated_
0Old_link_RTT from 2 times a sum of the first time TIME1
and the second time TIME?2. Herein, since the TCP sender
102 calculates the estimated value of the RTT every time of
general TCP communication, in the present invention, the
estimated value is used as the estimated value of the RTT of a
link in the old network Estimated_Old_link RTT.

time 1+time 2=0.5x(Old link RTT+New link RTT)

time 1+time 2—(0.5xestimated Old link RTT)=0.5x
New link RTT

New link RTT=2x(time 1+time 2)-estimated Old link
RIT [Mathematical Formula 3]

The RTO for the new network is calculated by using Math-
ematical Formula 4 and the estimated value of the RTT of the
new network Estimated_New_link_RTT calculated by Math-
ematical Formula 3.

New link Dev RTT=—f)xNew link RTT

New link RTO=New link estimated RTT+(4xNew link
Dev RTT) [Mathematical Formula 4]

In Mathematical Formula 4, New_link_dev_RTT is a
deviation value of the RTT of the new network, and
New_link RTT is the estimated value of the RTT of the new
network calculated by Mathematical Formula 3. In addition,
P is a weighting factor.

In the above-described exemplary embodiments of the
present invention, only the maximum value of the sequence
numbers ofthe packets transmitted through the old network is
stored. However, it is obvious to the ordinarily skilled person
in the related art that minimum and maximum values of the
sequence numbers of the packets transmitted through the old
network may be stored and, when an ACK signal correspond-
ing to a sequence number between the minimum value and the
maximum value is received, it may be determined to execute
the upward vertical handover is executed.

INDUSTRIAL APPLICABILITY

According to the present invention, it is possible to obtain
an effect of solving a problem in that a data transmission rate
is decreased due to the performing of congestion control
according to the occurrence of a retransmission timeout event
even in the state that packet loss caused by channel congestion
according to network characteristics such as an RTT (round
trip time) in the overlay network environment does not occur
during the upward vertical handover.

In addition, according to the present invention, it is pos-
sible to obtain an effect of preventing an overload from being
exerted on a new network in a slow start phase mode by
setting an optimum initial slow start limit value for the new
network during the upward vertical handover.

In addition, according to the present invention, it is pos-
sible to obtain an effect of solving a problem in that a data
transmission rate is decreased due to the occurrence of an
unnecessary retransmission timeout event in the new network
by setting an optimum retransmission timeout for the new
network during the upward vertical handover.

The invention claimed is:

1. A data transmission rate control method in upward ver-
tical handover by a TCP (transmission control protocol)
sender in an overlay network environment, comprising steps
of:
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checking whether or not a retransmission timeout event
occurs while communicating with a TCP receiver
through a dual interface;

storing a sequence number of a packet having the largest

sequence number among transmitting packets, and after
that, performing congestion control if the retransmission
timeout event occurs;

checking whether or not an ACK (acknowledge) signal

corresponding to a sequence number which is equal to or
smaller than the stored sequence number is received
after performing the congestion control;
determining to execute upward vertical handover if the
ACK signal sequence number is received; and

calculating and setting a congestion window size of a new
network when the TCP sender determines to execute the
upward vertical handover,

wherein the congestion window size of the new network is

set to a product of a maximum congestion window size
of an old network and a weighting factor; the weighting
factor is set by using a data capacity of a link in the old
network and a data capacity ofa link in the new network;
and the data capacity depends on a BDP (Bandwidth
Delay Product) of the link and a buffer size of a relay
device.

2. The data transmission rate control method according to
claim 1, further comprising steps of:

estimating an RTT (Round Trip Time) of the new network

when the TCP sender determines to execute the upward
vertical handover; and

calculating and setting a retransmission timeout time RTO

by using the estimated RTT of the new network.

3. The data transmission rate control method according to
claim 1, wherein the weighting factor is a ratio of the data
capacity of the old network to the data capacity of the new
network.

4. A data transmission rate control system in upward ver-
tical handover in an overlay network environment, compris-
ing:

a TCP (transmission control protocol) sender; and

a TCP receiver communicating with the TCP sender

through a dual interface,

wherein the TCP sender checks whether or not an retrans-

mission timeout event occurs while performing commu-
nication according to TCP,
wherein the TCP sender stores a sequence number of a
packet having the largest sequence number among trans-
mitting packets, and after that, performs congestion con-
trol if the retransmission timeout event occurs,

wherein the TCP sender checks whether or not ACK (ac-
knowledge) signal corresponding to a sequence number
which is equal to or smaller than the stored sequence
number is received after performing the congestion con-
trol,

wherein the TCP sender determines to execute the upward

vertical handover if the ACK signal is received,
wherein the TCP sender calculates and sets a congestion
window size of a new network when the TCP sender
determines to execute the upward vertical handover,
wherein the congestion window size of the new network is
set to a product of a maximum congestion window size
of an old network and a weighting factor,
wherein the weighting factor is set by using a data capacity
of a link in the old network and a data capacity of a link
in the new network, and

wherein the data capacity depends on a BDP (Bandwidth

Delay Product) of the link and a buffer size of a relay
device.
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5. The data transmission rate control system according to
claim 4,

wherein the TCP sender estimates an RTT (Round Trip

Time) of the new network when the TCP sender deter-
mines to execute the upward vertical handover is 5
executed; and

wherein the TCP sender calculates and sets a retransmis-

sion timeout time RTO by using the estimated RTT of
the new network.

6. The data transmission rate control system according to 10
claim 4, wherein the weighting factor is a ratio of the data
capacity of the old network to the data capacity of the new
network.



